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STUDIES ON THEl STATICS AND KINEMATICS OF THE 
ATMOSPHERE IN THE UNITED STATES. 

By Prd. FRANK H. Hrwu.ow. 
11. METHOD OF OBSERVING AND DISCITSSING THE bIOT1ONS 

OF THE ATMOSPHERE. 

INTRODUGTOHY REMARKS. 

It has been suggested to me that it woulcl be advantageons to 
many who are interested in the progress of modern meteor- 
ology, if the results of the observations on cloucls, which were 
made by the United States Weather Bureau during the years 

1896-97, could be put in a more compact form than was adopted 
in the original report.' 

I am the more inclined to present anew some of my results 
because of the extensive .use that has been made of the 
American olmxvations generally in Dr. J. Ham's Lehrbuch 
der Meteorologie, 1901. In this judicious rtnd comprehensive 
summary of the state of meteorology at  t8he end of the nine- 
teenth century, Dr. Hann has given very generous recognition 
to  the contributions of the United States, including the Weather 
Bureau and the Blue Hill Observatory, to the advancement of 
meteorology. But more important than this, the views therein 
adopted regarcling the theories of the circulation of the atmos- 
phere in the general and the local cyclones, are fully in accord 
with the ideas set forth in my report on the cloud observations 
of 1896-97. It is apparent that meteorology is at  last secur- 
ing a set of principles founded on observations. which will super- 
sede much that has been heretofore taught in this connection. 
It is therefore important to esplain the results of the Weather 
Bureau obseryations of 1896-97 as briefly and simply as possible. 

Taking a very general view of the present state of meteor- 
ology, it may be proper to classify the conditions as follows: 
The statistical side of the subject is being rapidly worked up, so 
that our knowledge of facts is relatively quite complete in cli- 
matology, ancl in the diurnal and annual periocls of the various 
atmospheric elements, naiiiely, pressure. temperature, vapor 
tension, ancl wind direction, in different parts of the world, 
so far as they prevail in the strata near the gronnd. But in 
the upper strata our knowledge of these elements is still very 
limit,ecl, though it has been considerably extended duriug the 
past ten years, by the cloud observations, and the balloon and 
kite ascensions. On the theoretical side of static meteorology 
it may be said that meteorological analysis is well advanced, 
as far as concerns the barometric relations of pressure to the 
height,, the temperature ancl vapor tension variations, and the 
adiabatic thermodynamics generally. The prac tical estension 
and application of these formuh to the upper strata is inaking 
fair progress, and is likely to result in very definite knowledge 
of the true state of the atmosphere throughout its extent. In  
clynaiiiic meteorology, however. that is in the hydrodynamics 
of t,he atmosphere, affairs are in an unsatisfactory condition, 
and they can be reclaimed only 11y pursuing a sound policy 
regarding them. Looking over. the entire, field, one is sur- 
prised t.0 find that but lit.tle has been done in the preliminary 
and the most necessary stages of this work, in order to make 
the dynamics of the atmosphere a practical scientific problem. 
It is wasting time to speculate on the mathematical analysis 
of the motions of the atmosphere till we know what the motions 
are, simply as a case of kinematics. I n  other words, the paths 
of motion of the average air currents should be systematically 
worked up  all over the world, as the indispensable prelimi- 
nary to this study. Of course the obstacle in the way of doing 
this is the invisibility of the air itself, ancl the labor of making 
any observations on its direction and velocity of motion much 
above the ground. It was for supplying just this need that 
the international cloud observations of 1896-97 were instituted, 
and to it they have contributed a valuable amount of data. 

Furthermore, there are the great physical problems con- 
nected with the absorption of the sun's radiant energy in the 
atmosphere, its separation into several kinds of energy-elec- 
triu and iiiagiietic energy, heat energy of the visible ancl invisi- 
ble spectruiii, and so on. Also there is the question to be 
aiism-ered as to the amount of the solar output itself. the varia- 
tions from its iiiean value, how much and what kinds of energy 
are absorbed in the upper strata, and what in the lower. The 
circulation of the atiuospliere in its details really goes back to 
t,hese questions about which we know only a very little. Hence, 

Report ( i n  the International Clout1 0bserrat.ims. May 1 1896, to July 
1, 1897. by Prop. Frank H. Bigelow. Report of the ChieP of the Weather 
Bureau. 1898-99, Vol. 11. 
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in a word, the deficiency of modern meteorology is in the 
dynamics of the upper and middle strata of the atmosphere. 

NOTATION AND COORDINATES. 

It is not an exceptional fact in the history of science that 
in the first stages of its development meteorology slioulil liave 
grown up in a rather haphazard fashion, especially as it was 
dealing with a subject of popular interest, wherein many ob- 
servers were concerned in getting observations of one kind or 
another without much regard to their ultimate use in mathe- 
matical analysis. As the result of this lack of purpose the 
confusion became so great betweeli the metliocls of observing 
and recording in different parts of the world that when coin- 
parative stuclies were begun the ditliculties arising from t,he 
want of homogeneity were seriously felt. I n  order to remecly 
this state of confusion the International Meteorological C!oni- 
inittee have been laboring for years to introduce uniformity 
into the methods adopted by meteorologists. Much has al- 
ready been accomplishecl, and yet there are a t  least two very 
hPOrtRllt steps that remain to be taken. The first is to use 
only one system of ineasures, as themetric in place of tlie met- 
ric ancl the English; and the second is to conduct and discuss 
the observations in such a way that in their published foriii 
they shall be in perfect order to meet the requirements of the 
fundamental mathematical equations, either static or dynamic, 
as they are needed. At present iiieteorological ol>servations 
are about evenly divided between the English and the metric 
systems of measures, since the former is in use in Cheat. 
Britain, C!anada, United States, south Afiica, Australia. and 
India; while the latter prevails in Europe, Asia generally, 
Japan, north Africa, and South America. Thus it is necessary 
to translate the figures from one system to the other in prepar- 
ing the data for the world and for cosmical problems; also two 
sets of reduction tables are required for all the elements, and 
two sets of constants in all the forinnlw. The more lamentable 
defect occui-s from the fact that the ohervations are made 
without relation to their final use in mathematical cliscussions 
involving the motions of the atmosphere. Indeed alniost iioth- 
ing has been clone to give u s  tlie true vector components of 
motion in the observations, so that they shall be in form for 
imniecliate introduction into the equations. The stanclarcl 
equations have been presentecl by different authors in inany 
equivalent forms, and in consequence the subject has been 
made unnecessarily complex and difficult for students. The 
entire body of fundamental equations in meteorology is not 
very large, but the amount appears to be inuch greater than 
it really is by reason of the manifold notations and synibols 
which have been employed. No more valuable reform could 
be instituted than that of causing the same physical quantity 
to be always represented by the same symbol. Thus, for es- 
ample, barometric pressure B, pressure in units of force P, 
pressure in units of weight 11, would put us in harmony with 
the leacling works in hydrodynamics and themoclynamics ; 
then absolute temperature T, thermometric temperature t ,  
mean temperature of the air column (I, vapor tension e, masi- 
miim vapor tension E, absolute weight of vapor 11, weight of 
the unit volume n, specific weight p, ancl relative humidity 
M. H. For rectangular coordinates, displacements ( .r, y, z’)  x, 
velocities ( 1 1 ,  ‘v, I ( * )  q, accelerations (P, d, t6j.t; angular velocities 
( l o , ,  w2. ui3) ; for cylinclrical coordinates, radius m, angle about 
asis of rotation e ;  for polar coordinates, radius vector 1; polar 
distance 11, angle nl>out axis of rotation 1. 

I have felt the weight of these considerations in my coni- 
parative studies so much that special pains have been taken 
in niy report to exhibit all tlie fundamental equations in a 
standard system of notation, and dso to reduce tlie analyses 
of several authors to the same standard system for the sake of 
ready intercomparison. Also, RS it seems to be of the utmost 
importance that the observations taken to determine the 

’ 
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motions of the atmosphere should be made in a foim appro- 
priate for use in the dynamic equations without further trans- 
formation of the data, particular care was taken to make the 
cloud observations conform to these requirements. It was not 
possible to bring about this harmony be tween observations and 
the ana1yt;ical theory without introducing some radical changes 
in the methods heretofore followed by meteorologists, both in 
the concluct of the observations and in tlie analytic clevelop- 
ment of the equations. Accordingly, some account of these 
changes. as well as of tlie new resulh which were cleduced 
from the cloucl observations made by tlie United States Weather 
Bureau in 1896-97, will be given in the following pages. 

THE ASES OF C!OORDINATER. 

The first decision that must be macle in establishing a funda- 
mental system of notation has regard to the choice of the ases 
of coordinates which sliall be placed a t  the base of bhe entire 
study. since all the algebraic signs of the quantities depend- 
ing on tlie observations which are to be substitilted in the 
eqiiations. must be determined from the adopted positiye 
direction of tlie ases. This choice depends practically upon 
two facts, (1) that the radius of the earth is drawn positive 
outwards. since r iiicreases froai the center, ancl (2) that the 
right-hand rotation is mlopted genernlly in niotlern scientific 
researches. It is true that some of the German mathemati- 
cians use t.lie left-hand rotation, but the trend is towarcl a 
universal adoption of the right-hancl system. If we take as 
the primary radius trhat of the earth’s asis of rotation in bhe 
Northern Hemisphere, as is nos t  appropriate for all scientific 
lwobleiiis escept in terrestial inagnetisin, then in polar co- 
orcliiintes the positive angular development in polar distance, 
11, is southward; next, with the right-hand rotation about this 
axis extended upward, the positive development of 1, the angle 
in longitude, is eastward. Hence. for all systems of coordi- 
nates, polar, cylindrical, aiicl rectangular. the azimuth rotation 
is.ti.cm t l i ~  sorctli thr.oiwl1i tlir’ tast, ticirtli. otrd w s t .  Unfortunately 
this is in the opposite direction to tlie azimuth rotation adopted 
in astronomy, in navigation, and in popular meteorology. be- 
cause in these branches of science the simple practical consid- 
eration has been to follow the sun in its cliurnal course, so that 
azimuth circles and conipass cards are nuinbered arouncl in the 
clockwise or left-hand rotation. For  inany statistical pur- 
poses, as wliere average wind directions are bo be computed, 
it makes little difference what system of notation is used, 
because these data do not look beyond their own immecliat~e 
purposes. But wliere we have to deal with a system of equa- 
tions it is not so. If w e  take the first set of equations, 
International Clout1 Report (lci-l), for linear velocities clue to 
rotation, 

I / ,  = I ( .  - y 1U3 + 3 UJ2 

I(’! = 1P - 3 1U2 + !I fUI 
where .r, y, z are linear distances, 1 1 ,  11, it1 are linear velocities, 
wl, w2, wJ are angular velocities, it is evidently necessary that 
all these should be defined most carefully. Accorclifig to the 
statement given above, 

+ (.r, 11)  are referred to the southward asis, 
+ ( ! I ,  I;) are referred to the enstward asis, + (.z, ir) nre referred to tlie zenithward asis, 

but everything ;vi11 go wrong if is not taken to rotate posi- 
tively about the asis s, from the south tlirough the east, instead 
of through the west. Hence, lfJl turns the asis of y to s, tu2 the 
asis of s to .P, ius the asis .r to y, in cyclical order. Thus i t  hap- 
pens that, having rtclopted this systein of rotation. it was found 
necessary to transform the equations of soiiie well-known iiiathe- 
niatical p p r s  in clynaniic nieteorology to agree with it. 

17! 17 - C 1111 + ;I! 1113 

THE AZIMUTH ROTATION. 

There is one further clifficulty to overcoiiie in regard to the 
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popular ineteorological system. An observer determines tlie 
direction of the wind by looking toward it and feeling the force 
of it on his face, or he sets up a wind mne with an arrow point- 
ing in the clirection f ru/ / i  id~irh it  blow^. This is, however, es- 
actly contrary to the method that inathematical physicists em- 
ploy, for they describe a stream line by the direction f m w t l  
wkir.A it flows. An arrow is drawn on n map c r  down stream " 
to show how the current flows, or on the weather iaap mi arrow 
is said to b b  fly yi th  the winil. " I n  the latter case nieteorolo- 
gists are inconsistent with themselves, but they adopt the cor- 
rect principle in their precept on the map. If we descibe a 
wind as liaving a velocity of so inany miles per h o w  from a 
given direction, say tlie north, this niust he changed in aziiiiuth 
through 180" to the south in order to be of use in analytic 
work. We have thus to innlie tzni rrrfwrrls in tlie c*oniiuon 
meteorological system : (1 ) tlie mind vector must be turned 
through 180*, and (4) the azimuth iuiist be niinil>ered from 
the south = 0" toward tlie east = !IOa, north = l H O " ,  aiirl west 
= E O ' .  These two clianges reader i t  impossible to use the 
ordinary wind records which are found in meteorological re- 
ports without making this transformation. While it is not a 
very important matter for a few individual cases, i t  becomes a 
serious task to do the work of remodeling the figures for a 
large amount of clatn. It was for the purpose of saving this 
labor that tlie olwerrations of the Weather Bureau were ese- 
cutecl in 1893-97 on the correct system, so that all the figures 
appearing in tlie final report slioulcl be at  once ready for use 
in the equations of hydrody~amics. 

I n  order to facilitate the unilerstaniling of the discnwxioii 
that follows, a chart is introduced to show the hclieme of the 
operations. .Fig. 1 girew a comparison of tlie azimuth system 

FIct. l.-Conipnrisun of the two azimuth spteiiis. 
Ixft-linud rnt:rtim yibex .leiiiiuth #if "iiiotim frmi." 
Riglit-hand nduticm gibex azimuth uf 'I ti idmi twv:ml." 
Piwitive traiidntiiiii is  \crtirnlly iipw'nrd. 

commonly employed by meteorologists with the one adopted 
in this report. The former is the left-hand rotation, such as 
astronomers use, and is counted from the south through the 
west point of the horizon. In  this system. also, the observer 
faces the wind and gives tlie nziniutli of the direction ,t>i)nz 
iri18ir.k it blows. This has been almndnned for the reasons al- 
ready mentioned. and in place of it is substituted the right- 
hand rotation, wherein the azimuth is counted from the south 
through the east point,. Here the observer receives the wind 

on his back and looks toward the direction in which the arrow 
tlies and toimrd iuliicli t,he air is moving. Thus a wind . f r m  
%e h7Wby the former system, with azimuth angle 135O, be- 
comes a wind foimrd flw 8 E .  with the azimuth angle 15O, by 
the latter system. The working out of the results by this sys- 
tem, ready for analytic cliscuxsion, as will be seen, involves a 
minimum of computation, and besides this it reduces all the 
velocity components to tlie fnndnniental rectangular system of 
coorilinates adopted by Ferrel in his heatise, and continued 
111 my '. Standard Systelii " which foimis a part of the Report. 

The Marvin nephoscopes, with which the observations mere 
macle, were all graduated to read in a right-hand ( anticlock- 
wise ) aziniiitli: tlie theoilolites were also read in the same clirec- 
tion. and the aziiunths of Taldes G m ~ c l  9 of the International 
3loud Report are. therefore, in accord with the coordinate 
lirections of the foriiiul;~ wliicli are developed in the following 
portions of the same Report. 

THE C'OMPOSITION AND RESOLUTION OF THE VECTORS OF MOTION. 

I t  is soinetinies necessary to construct the resultant relocity 
tnrl direction of tlie motion of the nir a t  a giren place out of 
t large niiiiiber of inclividnal observations, as in forming charts 
30-3.5, International Cloud Report, for example, and the fol- 
lowing 1)ractical devices were found conrenient. Suppose it 

NW=5 

w=4 

8W=/4  

N E = 4  

Fig. ?i.-Esnmple of the graphic coiiipusitioii OP wind vectors. 
s desired to determine the relocity and direction of motion in 
;he cumulus cloucl level on all sides of a low area, as in the 
Kissixsippi Valley. TVe can best proceed as follows: Take a 
iiece of tracing paper, and select a large number of cloud maps 
showing about the same configuration of the isobars. so that 
;he centers of the cyclones are located in a given district. Then 
ny the paper on the cloud ~nnps in succession, and trace the 
irrows showing the cloucl motion wherever an observation is 
h i n d  on the map. Mark tlie center on the first map and pre- 
serve i t  so as to plnce it iii coincidence with the other cyclonic 
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centers. Continue to fill the paper till some such composite of 
arrows is obtained as is shown within the square of fig. 2. A 
scale map of squares, or any other adopted division of areas, 
is to be prepared as large as the tracing paper, and the two 
are placed together so that the scale diagram marks off the 
arrows of thg composite map into groups, within each of which 
it is proposed to find the resultant. Then count out the num- 
ber of arrows pointing N, NE, E, etc., in succession for eight 
directions, giving in our esample, N=4, NE=4, E=10, etc.; 
take the excess in four directions, as S = 7, E = 6, SE = 7, 
SW = 10; plot these results on a diagram and resolve SE = 7 

+7; make the sums E =  +4 ancl S =  +19; plot these conipo- 
nents and obtain the resultant T'=dO; the angle y=9O can he 
found by the use of a circular protractor, or it can be computed 

by the formula tan y =  - having regard to a change of alge- 

braic signs for W = -E ancl N = - 8 

i n t o E = 5  and 5 - 5 :  a l s o S W = l O i n t o W = -  7 ana S =  

E 
S' 

('ainipoueut. 
Wind vector. 

E l S  

T'= 20: (p = go. that is. = S 9' E. , .  
tan y=-=-='o.91. E d '  

8 19 
It is easy to perform a large amount of graphic composition 

in a short time after a little practise, by arranging this work 
systematically. I n  the collectionof vectors from the maps the 
total number will differ from square to square, and it is nec- 
essary to reduce the resultant to a ooinmon stanclard number. 
Suppose we adopt 40 arrows as the stanclard, then the coni- 
pleted resultant velocity must be reduced in that proportion. 

Our example contained 64 arrows, hence 20 x " = 1'2, and 12 

is to be adopted as the arerage velocity of the niotioii in tlie 
azimuth 9", that is, S 9' E. These resultants nssuiiie that the 
average of a number of observed directions gives a rrlrrtiw 
velocity of motioii, which can be reducecl to an abxolute velocity 
ns soon as tlie true mean motion is determined from some other 
source, as by theodolite observations. Charts constructed in 
this way are quite correct as to the direction of the niotion of 
the atmosphere, and they give the relative velocities in differ- 
ent parts of a cyclone or anticgelone with suacient prec.ision 
to permit fnrther important studies. 

By the nephoscope observations the actual velocities in 
different portions of the area surrounding tlie center of motrioii 
were computed and collected for the several subareas about 
the highs and lows, as explained in chapter 7 of the Inter- 
national Cloud Report. The relative velocities there recorded 
can be turned into actual velocities l ~ y  utilizing the corre- 
sponding theodolite observations. The nephoscope refers all 
the observed motions tCJ the 10i)'o-meter plane, aiid the theodo- 
lite to tlie nctual plane of motion a t  the height given by the 
angular measurements. I note that Dr. J. Hnnn, in his Lehr- 
buch der Meteorologie, pages 972, 573, and 275, attributes 
certain cloud heights of the Weather Bureau observations to the 
nephoscopes, but' this is a mistake, because all our heights 
were determined by the theodolites. The heights associated 
with the nephoscope observations mere adopted for translating 
the relative velocities of the nephoscopes into actual velocities. 
and his impression doubtless arose from printing such adopted 
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heights in conjunctiou with the other data which'were derived 
from nephoscopes. 

THE RESOLUTION OF FORCES. 

I n  the study of the motions of the atmosphere a t  all levels 
there are two types of resolution of vectors to be provided for 
in the discussion, the first in rectangular coordinates, 

+ ;a: = South, + y = East, + z = zenithward, 
- .I: = North, - y = West, - z = nadirward, 

in order to apply them to the motions of the general circula- 
tion over the entire hemisphere; a d  the second in cylindrical 
coordinates, + x = radial outward, - J .  - - radial inward, 
+ y = tangential counter-clockwise, 
- y = tangential clockwise, + z = vertical upwards on the asis, 
- PI = Fertical downwards on the asis, the results being used 
in the analysis of cyclones and anticyclones, that is in the 
local circulations. It is evident that the vectors provided by 
the theodolite anrl nephoscope observations, in the form I - =  
velocity ancl +- = azimuth counted from the south through the 
east, are ready for simple trigonometric resolution into the 
velocity coordinates ( # I , ,  .rl) in the four quadrants by using the 
proper signs. When all the rectors (T; e )  are resolved in the 
uorth-south and west-east directions, we can take the mean 
values by summation and t,hen compute the average motion of 
the entire iiiass of air circulating a t  IL given altitude over any 
Locality. It is necessary to obtain these mean directions of 
motion for the entire circulation, in order to be able to resolve 
out the special components of local circulation belonging to 
the cyclones anrl anticyclones. I n  the report on the Inter- 
uat,ional Cloud Observations the results of this rectangular 
resolution of tlie observed mean rectors are set forth in Table 
33 as a summary; in Tables 34, 35. and 36 for high areas in 
the northern and southern portions of the United States; in 
Tables 38, 3!). and 40 for the lorn mens in the northern and 
the southern portions of the United Htntes; in Tables 42 and 
43 tlie coiupoiient southward and eantnmrd velocities in highs 
tncl lows, also in selected areas; ancl iii Tables 48, 4$ 50, and 
51 the seasonal velocities in the upper nncl lower cloud levels. 
This data bears directly upon the prol>leiii of the upper air 
currents in the general oirculstion, and similar data ought to 
be obtained in all portions of the worltl. 

These rectangular, aieridionnl, am1 loiigitudinal velocity oom- 
poiients are marked ( I , ,  r, in order to distinguish them from 
tlie cylindrical compoiielrts which are designated us, v2. Hav- 
ing constructed the indiviclual coiiipoiieiits of general motion 
ill, P ,  in all the subareas together with the corresponding 
iiorinal velocities, it is eyideiit that the algebraic differences 
between them gives tlie true cyclonic ancl anticyclonic compo- 
uents, dill in rectangular coordinates, as in Tables 44 anc115. 
Ilhe nest step is to transform them into cgliiiclricnl coordinates 
I(*, ' 1 7 ~  with the least possible labor. For this purpose it is 
.mportant to select the subareas surrqundiiig the center of a 
local circulation in such a ~uaniier- as will contribnte to that 
purpoHe. If the areas iiiarked out by the 5' uericlians and 
~)arallels of latsitude are taken, i t  is impossible to transform 
h e  component doc i t i e s  without a most tedious computation. 
3uch areas are suitalde for n simple display of the stremi lilies, 
',ut they do not readily lend themselres to the coinposition 
incl resolution of vectors of motion. 

I have, therefore, adopted the following plan for blie HUB- 
treas surrounding a center of motion. They each have about 
h e  same relative area, and they are distiil>iited ns far as pos- 
iible 011 the cwdinal lines of the compass direction. They we 
lumbered with the iiglit,-hand rotation, and they are central 
?ach on some cardinal point of the compass. Thus on the 
iorth-south line 17, 9, 3, 1, 5, 13 are located; 011 the west- 
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east line 19, il, 4, 2, 7, 15 are found; while 18, 10, 6, 14 run 
from NW to SE, and 20, 12, 8, 16 from 8W to NE. Hence 
it is seen that all the N-S and W-E areas are immediately 
available for composition in rectangular and in cylinclrical 
coordinates, while the rectangular coordinates of the NW-BE 
and SW-NE areas which come from the first collection need 
only a simple transformation to become the radial and tan- 
gential components of cyclonic circulation. These latter are 
to be ultimatelp worked out, and we shall then have three 
sets of coordinates aimaged spnietricnlly about, the center 

/eo - 
N 

cp 

FIG. 3.-plen t J  the suharena, ar;imiit.lis, a.nd P O I I I ~ I M  pthtJ;;, nilopt.rd 
in high tint1 low arena. for the discussion iif cloud olJservcttions. 

The tiieau ##f areas 1 to 4= I. at the avrrngr dist.auee 250 kin. 
The ntraii areus 5 to 12= 11. lit the average dirtanre 750 km. 
The iiieau i i f  aiw* 1:: tu ?O=IlI. at the average dirtaner 1;25u h i .  

of the three circles I, 11, I11 at  certain evenly distributed dits- 
tances. The scale of the original diagram, C!hart 9, Interna- 
tional Cloucl Report. is 611 a radius of 3 centimeters; on 
the weather maps this is equivalent tQ 15 centimeters, where 
1 cetimeter is equal to 100 kilometers. The adopted scale 
is therefore o~ir$f'fh the scale of the daily weather map, 
and on it  1 centimeter represents 500 kiloiiieters or 310.7 
uiles, and one millimeter is equivalent to 50 kilometers, or 
31.1 miles. All the diagrams of the Report, as far as possible, 
are reprocluced on this scale, but they are readily interpreted 
on the weather iiiap, so far as linear dimensions are concerned. 

VE(.!TORS OF n r o n o N  IN HIGH AND LCW AREAS-RECTANCWLAK 
I!OOBDINATEN. 

In  order to prepare the observations for discussion all those 
which were made in the same subarea of a cyclone or an anti- 
cyclone were collected together in each cloud stratum, and 
the resultant of all these indiviclunl vectors was computed in 
nccorclance with the method above described. The individual 
observations occur in Table 9, ancl the mode of collecting them 
is illushatecl in Table 29, page 363 of the Report. For con- 
venience, the United States was clivicled into six districts: 1, 
Alberta; 2, Lakes: 3, New England; 4, Colorado; 5, West 
Cfulf; 6, South Atlantic; so ats to arrive at a conception of the 
prevailing local characteristics. Hence the heading of the foriii 
H-2-15, occurring in several tables, iiieans that in subarea 
15, of a high area or anticyclone whose center is in the Lake dis- 
trict, the accompanying observations were made in the several 
cloud stratma, and also at  the surface where the instrumental 
ineteorological clntn are given a t  the three daily observations. 
Table 33 contains the resulting vectors T; r for the northern 
and southern groups by districts, also for the four seasonal 
quarters of the year, together with the several mean valiies, 
all this extending to the eight cloud strata. I n  this table the 
relative velocities are given as derived from the nephoscope, 
that is on the 1,000-meter plane. 

The vectors of Table 32 are plotted on Chart 13 of the Report, 
the northern in red and the southern in blue, first for the high 

weas and then for the low areas; also in the seasonal groups so 
that the comparative motions can be stucliecl. It is evident that 
Jeveral pears work are needed to produce smooth ancl evenly 
balanced mean vectors, which shall truly represent the average 
circulation. Especinllp it will be necessary for the Canadian 
stations to cooperate and supply the vectors wanting in the 
northern subareas of our three northern districts, as this part 
D f  the circulation usually extends into Canada. Furthermore, 
the vectors of Table 33 are collected together numerically in 
Tables 34 to 40, with a single change, namely, that the ve- 
locities observed on the 1,000-meter plane have been multiplied 
I y  the adopted mean height of the given cloud stratum. For 
example, the mean height of the cirrus is taken as 9.8 kilometers, 
nncl  hence the mean annual velocity IT= 3.6 of the cirrus in 
high area No. l. ,  page 368, is multipliecl by 9.8, and i t  is 
entered at  the beginning of Table 34 as T'= 35.3. I have 
taken the cirrus in each subarea of the high and low areas to 
*horn as an esample in Table 1 and fig. 4. 

TABLE l.-Direrlioii ctad iieloritg of motion in high and loiii ureas- 
recttrsqidccr cuordiirufen. * 

H 
E 
N 
w 
M 
HE 
E 
NE 
N 
N w 
m 
SW 
H 
HE 
E 

NE 
N 

NW 
W 
H W  

1 
3 
3 
4 
5 
I; 

7 
8 
9 

10 
11 
1y 

13 
14 
15 
16 
17 
18 
19 
'60 

No. of oba. . .  
Means . . . . . .  

*e: 
- .~ __ 

HIGH 

('irrits; average hrighi 9.8 kilotireterr. 

High. 

_ _  
'VU. 1- 

25 86 35.3 
16 57 $3.1 
49 76 31.4 
30 78 36.3 
37 66 37.3 
20 67 34.3 
43 90 58.8 
43 89 29.4 
51 81 34.3 
34 117 38.2 

12 107 14.7 
38 95 31.4 
64 83 35.3 
28 1cMJ 46.1 
58 85 28.4 
27 88 36.3 
25 96 33.3 
51 98 29.4 
G3 I(J9 3U. 4 

736 . . . . . . .  
. . . . . .  34.9 

+2 au 37. 2 

- 

Loa. 

'VO. q 1- 
7 111 51.0 
4 96 40.2 

13 1U4 58.8 
5u 97 31.4 
33 101 44.1 
10 109 3 k 3  

7 9u 49.1) 
3 88 27.4 

23 77 45.1 
6 105 56.8 

27 123 33.3 
7U 93 32.3 
49 85 34.3 
24 90 30.4 

2 128 39.2 
36 71 44.1 
34 9rJ 41.2 

15 1 . . . . . . .  
. . . . . .  40.8 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

-~ ~- 

arts froiii Taldes 34 aud 35. 

LOW. 

FIG. 4. (From Chart 15.) 
These vectors are plotted on Chart 15 (see fig. d), which 
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9. 8 
8. 1 
5. 9 
4.5 
3.5 
1.5 
0 . 9  

0 

. . . . . .  

than in the high areas. These values must be studied in con- 
nection with the barometric gradients to form a theory of the 
dynamic action in the atmospheric circulation. 

The vectors in the form velocit,y ancl azimuth. T; p, arenext 
resolved into rectangular coniponents in the north-south, west- 
east direction by the trigonometric rules, and the results are 
given iii Taldes 42, 43. froni wliicli the esample in Table 3 is 
taken. 

The iiieans of thew cwniponeiits are taken out in two ways: 
(1) the tilgelmiic iiieaii wliii*h gives the rectangular coordinates 
of nintinu in tlie general circulation fi)r the highs and the 
lows, respectively. Tlie mean o f  these last fornis the normals 
from wliicli the true cyclonic coiiipoiients are coiiipted, mcl 
they are printed in heavy faced type. These results are col- 
lected together in Table 33. Sections I1 and 111, from which 
tlie following estract is iiiaile, Table 4: 
TABLE 4.- Sortih ward cc) id  twnttrtri~tl twtiqmiwtrt8 qf tvlot.itiea in hiylr8 tind 

lollla.* 

39. 1 
55. 5 
30. 2 
35. -5 
23.3 
11.2 
11.4 
4.8 

34 
. . . . . . . . . . . . .  

- 

shows the annual vectors on the several cloud levels in high nnc 
low areas. From Chart 15 ancl tlie Tables 31-40 are obtaiiiet 
the data for discusRing the mean general circulaton over t,hc 
United States. The inem total velocities in high aiicl lov 
areas, without regard to direction, are found by taking the iiieai 
of the velocities in the areas of Tables (3140) and they arc 
given in Table 33, section 1, as in tlie following esample 
Table 2: 

3n. 3 
455.1; 
3:3. :I 

:31.1 
21j.6 
*2.7 
10 .~1  
13.2 
4.9 

35 
. . . . . . .  

3 0 .  4 
34. x 
31). 5 
24.1 
19.7 
1x. 5 
lib. 4 
9.5 
4.8 

19 
38 

- 5.26 
- I). 24 
- :I. lKI 

- 4. iiii 
- 2.38 
- 4.IN 
- (I. 11 

+ m . 4  
+Y5. 9 

$37.3 

-124.3 
SY4.S 
-]-11.4 

-(-:<I. 3 

Ci. S . . . . . . . .  
C!i. C!u . . . . . . .  
A .  8 . . . . . . . .  
A. <!ti . . . . . . .  
R. C'II . . . . . . .  
CO . . . . . . . .  

+- 1.1.5 
-- 0. GI1 

- I). 37 
-- IJ. 07 
-- u.32 
-- 0.15 

-~ 

I!i . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ci. S. .  . . . . . . . . . . . . . . . . . . . . . .  
Ci. C u . .  . . . . . . . . . . . . . . . . . . . . . . .  
A. H.. . . . . . . . . . . . . . . . . . . . .  

3. C!u.. . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\Viui:l . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rang' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I Y ~  Tal~lt. 

C!y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

-. 

-1 (I.tili 
- 2.11 
-t 4.95 

-t 6.24 
-j-lIJ. 33 
-t 6.59 
-+ 5.25 
-t 2.35 

-1- 3.79 

455 

- 3.75 
-- 3.89 
- 7.34 
- 7.47 
- 7.78 
-11.15 
- 8.13 
- 7.97 
- 3.25 

43 

+:32.7 
+38.9 
+33.1 

, -+31.0 
-t31.9 
4-17.1 

f 5.1 
+ u.2 

43 

+ B.5 

. . . . . . . . . . . . .  

rlolll la. 

....... 

Ci . . . . . . . . . . .  
C!i. S ........ 
Ci. C u . .  . . . . .  
A . S  ........ 
A. Cii ....... 
8. Cll . . . . . . .  
C!n .......... 
s ........... 
Wind ....... 
Itangr, per ct 
From Table . 

. i l l  
granil,s. 
-. . 

4l.t. ti 
39.8 
39. 3 
315. u 
J:I:2 
28. li 
14. 6 
11.1 
5.4 

15 
38 

.~ 

44. l i  

$2.5 
43. 8 
3 9 .  4 
39. 1.; 
32. 9 

17.4 
13.2 
5 .  :3 

39 
..... 

28. : 
:<I;. : 
34. t 
30. ! 
34.4 
21.1 
1 l . i  
8.  ( 
5. ! 

yr 

41: 

1.nw :I~L*:IS. 

... . .  

+B --K I +I; --w 
. 

+I; -\v 

-1-33.7 
+35. I I  

-t-32. 1; 

.L. 37. J 

$- 22.1 

+ 5.1 
+ 5.s 
-+- 1. 1 

$2 

........ 

-!- 11;. IJ 

Enst. 
.- 

-+31;. G 
+34.0 
+34. tl 

t 2 9 .  3 
+23. 3 
tru. Y 
+ 8 . 3  
-1- 6.8 
+ 1.3 

- 1. G 
- 3.8 
- 1. x 
- 2.5 
- 1.3 
- 0 .) 

- I J .  1 
- 1.3 
-. 0. 5 

3. 3 
-- 

A I?:; 
nuiilllrr. 

- -- 

1 
2 
3 
4 
5 
G 
7. 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9 
30 

Cirriis, :iverage height 9.4 kilo111i:trrs. 

High. LUW. 

s+ E +  

-18.3 -+47.7 

. _ _  

. . .  

- 4. 2 +40. IJ 

-14. 3 f57. !I 

. . . . . . . . . . . . . . . . .  

- 3.8 -+31.3 
- 8. 4 -+4:3. 3 
-11. 8 -+:34.3 
. . . . . . . . . . . . . . . . .  

I I .  U -+49. IJ 

- l . u  -197.4 
+lU.  1 -1-4s. 9 
--14. 7 +54. 9 
-18.1 -+37.9 
- 1. 6 -t3'2.:3 
-t 3.0 4-34. 2 

0.0 +3II. 4 

-30. 8 -+33.2 
-1.14. 4 -1-41. 7 

. . . . . . . . . . . . . . . . .  

I). IJ +41. 2 
... -. 

-5. 21; -1-39.4 

- 1.6 -t36.6 

-3. $5 fsn. 7 

- . .- 

. . 

s+ e +  

-+ 3.5 -t35.3 
-9s. 5 -+:31;. 3 
- 1 .  7. I; +3u. 5 
-f 8. G f36. 5 
-1 15.1 +34.0 
-1- 12. G +%I. 7 

0. II -158.8 
+ c I. 5 +as. 4 
-t 5. 4 -t3:3. !J 

-t 6.4 -+36. r i  
- 4.3 +14.1 
- 2.7 SS1.3 
-1 4.9 -+-34.9 
- 8.0 +45.4 
+ 2.5 + 2 a 3  
-1- 1. 3 +36. 3 
- 5. 3 $33.  1 
- 4.1 +2o. 1 
- 9. a +2x. x 

-17.3 t34 . i )  

. . .  . 

+l. 97 $33. 7 
- 

- 1-6 -t36.6 
. ....... 

-fO. 66 +40. 1 

. . . . . . . .  . . . . . .  

S 
E 
N 
W 
S 

RE 
E 
NE 
N 

NW 
W 
SW 
S 

SE 
E 

NE 
N 

NW 
W 
R W  

__ 
SllllthWar~l. 

II. hi, 4. 2. i. 15. 6. 14 
I.. I N ,  1q4 ,  11, 19, 12,211 

Northand. 
L . I t ; . 8 .5 ,7 .15 .B .14  

H. IS, 1n.~,11.1n,1.2,20 
- 

I 
+lo. 1 
+3G. 0 
$-38.7 
t1.5 
-+sa. 7 
-+-9'!. 1 
+ 9 .6  
+ 7.5 
4- 3. 3 

. . . . . . . .  
452 

inm I V .  

Tlie iuost important rei~ixrlr to l.)e made regarding these es- 
tracts is tlint the observations show an arerage northern com- 
ponent. in the United States in all levels, provided it is a fact 
t,liat as much air streams through the low areas as through the 
high areas on the average. (2 )  The subareas were collected 
into two groups, those having a southward and those having 
i northward component. Thns w e  have a soil thward compo- 
uent in high areas in 16, s, 2, 7, 15, 6, 14, and in low areas in 
18, 10. 4, 11, 19, 14, 20; hit a northward component in high 
weas in 18, 10, 4. 11, 19. 12, 40, and in low areas in 16, 8, 
1, 7, 15, 6, 14. The means from these groiips give the wean 

Meius . . . . . . . . . . . .  

Noriiials . . . . . . . . . .  
- 

Means . . . . . . . . . . . .  
~~ 

*Extract frnm Tables 42 and 47. 

Table 2 shows that the velocities are greater in the north- 
ern circuit than in the southern, and greater iu the loa areas 

12-4 
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components of the distinctly southward and northward cur- 
rents in the different strata. They are collected in Table 33, 
Section IV, m d  are reproduced in Table 5: 

TABLE 6.-Anticycloiiic and cyclonic cvwiposemts, cirrrcn 9.S kiluni.* 
IIll iIf  AHICAS. 

Arcu No. 

1 . . . . . . .  . . .  
2 . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . .  
1; . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . .  
13 . . . . . . . . . . . . . .  
14 . . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . .  
l t i  . . . . . . . . . . . . . . .  
17 . . . . . . . . . . . . . . .  
18 . . . . . . .  
19 . . . . . . . . . . . . . .  

1 . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . .  
I; . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . .  

1I I . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . .  
1s . . . . . . . . . . . . . . .  
13 . . . . . . . . . . . . . . .  
14 . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . . .  
11; . . . . . . .  
17 . . . . . . . . . . . . . .  
18 . . . . . . . . . . . . . .  
19 . . . . . . . . . . . . . . .  
20 . . . . . . . . . . . . . . .  

Rectangular co~~iponeuts. 

' I $  d p " 1 
- 

+ 4 . 1  - 1.4 
-+'as. 1 - ii.4 
+ 9.2 - 6 .1  
+lU.2 -- 1. 1 

+14. 2 - l i .  tl 15. 7 : i 3 3  
-t 11;. 7 - 2. (5 

-+ 1. U 
+ 2 .1  
-1.. 7.1.1 
-15.7 
+ 8 . 0  
- 2.7 
- 1 .1  
+ 6 . 5  
- 7 .4  
+ 4 . 1  
+ 2 .9  
- 3.6  
- 2 . 5  
- 8 . 3  

+22. 2 
- 7 . 2  7 . 5  2XB 
- 2.7 
-. 2. (; If;. u 1!111 

-22.5 y'2.8 263 
-- 5.3 
- 1.7 (i.8 345 

i t .  0 

+ 8.8 
- 8.  3 9. 2 296 
- u. 3 
- 3 .5  5. I1 253.5 

- 7 . 8  11.4 223 
r r  1 . J  - 

Cglindrical c~mpnueu t P. 

+ 4 . l  - 1 . 4  
- (1.4 -25.1 
- 9. P -f 6. 1 
$ 1 . 1  +111.2 
-t 11:. 7 
-+ 4.9  -14.9 
-{.21*2 - 1. Ij 
- I;.(; -t 3 .6  
- 7.11 -1- 2.7  
-+1:i. 2 - !I. 2 

0. 11  + 8.  1.) 

+14. II -1ic.o 
- 1 . 1  - 5.:3 
+- 3 . 4  - 5 .9  
+ 8 .8  + 7 . 4  
- 8 .7  -+ 3 .0  
- 1. 9 + 11. 3 
+ 5.0 u.u 
+ 7 .5  - 2 . 5  

- 2. 1; 

11.11 -11.4 

111 n ,? 

-16.7 + l l . 1  
-- 2 .6  + 3.4 

-19.6 +2I1.4 
- 9.1; -- 5.4  
- I;. H -+ 1;. 7 
-10. 2 - 1 . 3  
. . . . . . . . . . . .  
+ 1.1; t l 2 . 4  
-}- (1. li - $1. 2 
$11.7 + 7 . 3  
-13. 1 -+ lS .3  
-1c.5 - 8.7  

1J.I) - 4.3 
+ 4.6 - 2 . 4  
+ 1 .6  - lL2 

-19. 2 - 3 .4  
. . . . . . . . . . . .  

+ l l L  11  + 5. 1 
-f 1 .6  -+ 4.6 

!I. 1; 

. . . . . . .  

9. 3 274 

P2. G 127 

4 .3  270 

1;. 4 2% 

1!1. li 1Rt 
. . . . . . .  

5.1, 70 

-16.7 t l l . 1  
+ 3.1 + 2 .6  

-111. 4 -12. li  

d.4  - 5 .4  - .) 0 

- 0. 1 f 9. I; 
- 2. 3 +Ill 2 
. . . . . . . . . . . .  
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It is important to note that the most rapid currents. hoth 
nortliwarcl aiicl southward in the atmosphere, are in the strato- 
cuniulus level, 9.5 kilometers or 1. G iniles above the ground, 
and tlint these currents decrease in velocity above and below 
that lerel. The eastward velocity averages about the sanie in 
the highs and lows. Hence we infer that the strato-cimuliis 

.eve1 is the stratum where the interchanging motion is most 
:apid between the Tropics and the poles. 

VECTORS OF MOTION I N  EI(tH AND LOW AREA+CFLINDRICAL CO- 

ORDINATES. 

We can now compute the true cyclonic and anticyclonic rec- 
;angular components by simply subtracting the normal values 
,heavy type, Table 3)  from the individual subarea values in each 
:loucl stratmii. In  this way the components ti1, 17, of Tables 44, 
L5 are found, and an esninple is given above, in Talde 6, in the 
iirrns level for the high and low areae. Against subareas 6, 
3, 10, 18, 14, 16, 18, 80 there are placed the corresponding 
rectors (6, $), velocity and azimuth, because these are needed 
.ii resolving the rectangular into cylindrical components. In  
:lie other siibnreas the coinponeiits are already in the N-S and 
R-E direcrtioiis niicl they caii be transformed l>g mere inspec- 
tion into the corresponding cylindrical coordinates, which are 
d i a l  and t.angentia1 to a circle allout the central nsis, and they 
+e I!,, I ; ,  as iii Tahle 6, and fig. 5 following, in which + 'ul = 
XJllth\\.ard, + 1.7~ = east\rard, + t i 2  = radial outward, + I:, = 
hngential niiticlockwise. 

HIGH. 
CZ'. 
9 A  @ h m 

LO w. 

FIG. 5. ( FIYJIII C'hart 16. ) 

Those which do not lie on the north-south west-east lines 
we transformed as follows: The coordinates ?i l ,  v1 are com- 
pounded into the vector ( t r ,  n being the linear distance 
froiii the center, niicl Thus in 
cirrus 6. high. Trtl~le 44, (1,=14.2, I.,= -6.9. and we find 
r= 15.7. ,?= 333', which C ' R ~  be verified by reference to C'hnrt 
16 11. I n  the saiiie wag all the vectors uiicler sul>areas 6, 8, 
10, 49, 14, 16, 13, 9U which lie on the HE-NW and NE-SW 
diagonals hare been reduced to vectors (n, $). 

To reduce these to the cyliiiilrical coordinates, we subtract 
$5" from ,9 in 6 aiid 14, 135" from f i  in P and 16, 235O from 13 
in 10 and 18, 315' from , j  in 14  and 20. Then the vector 
[n ( ,? -u) ]  is resolved a t  once into 11". I;. Thus 15.7, 333' of 
Pi. 6 ,  high, Table 44, becomes 1g.7, 288"; thence zr,=4.9 
I;= -14.9. as in cirrus G. high, Table 46, and a8 can also be 
verified on the C'hart l ( i  n. I n  this way the coordinates of the 
nnticyvcloiiic and c*yclunic coiuponents, Tables 46, 47, haye 
been found. We have thus the clnta in such form that one 
iiiore concentratioii caii be mnde. I f  we assuine that a sym- 
metricd gymtory c i rda t ion  is represented by the coordinates 
IJf C h r t  16. i t  is now iiecessary siniplp to take the mean values 
of the cpliiidricnl coordiiiateg lying on each circle; that is to 
say, the meail of the areas 14, 5-14, 13-40, respectirely. 
This has been cloiie, and they are entered as I, 11, 111, in the 
uest section of the mine Taldes 46, 47. The means of I, 11, 
111, tlieniselres, are also entered on the nest line, as ayerage 
d u e s  for the eutire circulation in each cloud level. These 
ran be most coareniently studied by reference to Charts 
11, 18, where specimen vectorx are plotted for the several 
levels. 

The rectangular components were t,ransferrecl to Chart 16 

the angle from the south. 
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+l2.3 
14.11 

and drawn so that the vectors shall be central on the circles 
I, 11, 111, which run through the middle of the respective 
adopted subareas. I n  order to get some idea of tlie average 
cyclonic and anticyclonic vectors in the cliflerent levels, the 
mean values of the vectors fonnd on the circles I, 11. 111, re- 
spectively. were taken, and these give the relations between 
the inner and tlie outer portions nf the masses of air in motion 
in cyclones and anticyclones. They are shown in Charts 17 
and 18. To secure one more concentration of the data, and 
to further eliminate the local defects. the nine levels were 
reduced to three by taking the means of the three upper, the 
the three middle, ani1 the tliree lower strata together, respect- 
ively, and these are shown on Cliart 19. The following small 
Table 7 gives the corresponding iiumericnl i.esults; it is Table 
53 of tlie cloucl report. 

TABLE 7.-~Uiiari coriiposziifn ~ r o t c p l  iir three l e idx .  * 
ME\K . ~ N T I I ' T ~ ' L I ~ N I . ~ '  C'i)YPONI':;"I'rP. 

+ 0.7 
3.11 

__ .. . _. 

14.4 
89 

- 2 . 4  
$ 6 . 3  

6.7 
111 

- 

upper lerc.1. 

Ci.. Ci. H.. Ci. Co. 

5. 6 
73 

~- 

- 1 . 5  
+3 .R  

4.2 
112 
- - 

. -. . .- 

I. 

- 3.3 
- 4 . 5  

5. fi 
2:j.i 

Mitlcllr level. 

A. S.. A. Cu., H. Cu. 

- -  

11. 

+ 3.9 
- 5 . 2  

1;. 5 
307 

I,ou.er 1t.v.c.l. 

C!u.. R., Wind. 

11. r i  

--- 7. 1 
7. 1 
270 

- -_ 

+ 3.8 
- 4.1 

5. 3 
308 

~ 

+ 4.2 
- 1.;. 1; 

7. 9 
303 

+ 3.0 
- 7.0 

7. 1; 
394 

~ 

- .- 

111. 

+ 3 .3  
- 4.8 

5.3 
294 

- 1). 8 
- 9. 3 

!I. 3 
3ti5 

~~~ _____ 

M M N  CYCLONIC COMPONENTS. 

Uppar level. 

Ci.. Ci. K.. Ci. C!u. 

Middle lrrel. 

A. R.. A. C!u.. S. C!u. 

Lower lewl. 

Co.. R.. Wiiid. 

I. 

- 1. a 
+IO. 2 

10. 3 
96 

- 7.3 
+1x.1; 

211. I I  

111 
.. . - 

+ (1. 3 
-k 7.0 

8. 11 
88 

* I  'aq~y a n f  Table S2. 

It is evident tliat it wonlcl he of great aclmnt,age to meteor- 
ilogg to have similar observations continued systematica1l;F in 
the United States, so as erentunlly to obtain perfectly reliable 
rectors of motion throughout the atmosphere, and they should 
be extended to all parts of the world as rapidly as practicable. 
Ct is not very safe to draw conclusions estending to the entire 
itmosphere from the observations made at  a few selected locali- 
ties, such as those in the United States or Europe. but it 
.reems tn lie necessary for 11s to do SO in the present incomplete 
Itate of meteorology. Moreover, we amst use the niaterial we 
uow have in discussing what are the fundamental principles of 
lpainics  that can Be admitted into the t,heory, nncl accoril- 
ugly I shall proceed to take up the obserrecl generd circula- 
tion and the local circulations. and compare them with the 
ksistiag theories in order to arrive at  siich riews as will 
,robably deteriiiine the theoretics of the clyiiaiuic meteorology 
)f tlie future. 

~ ~ 

NOTES AND EXTRACTS. 

MR. C. F. R. WAPPENHANS. 

Mr. Carl F. R. Wnppenhans. for ninny years a iiieaiber of 
the Signal (!orps and of tlie Weather Bureau. died at  Awn, 
Switzerland, February 4. 1904. Mr. Wappenhans was born 
at  Berlin. Prussia, in 1834, served as an oficer in the United 
States Navy from 18G3 to lHW, joined the Signal Corps on 
Jaunary 9, 1871, was placed on the retired list as first class 

11. 1 111. 

I -. . 

sergeant on December 38, 1891. was appointed local forecast 
official in tlie Weather Bureau on the same date, and resigned 
on August 31, 1901. He was in charge of the station at  
Inllianapolis, Incl., from January 30, 1871, until the date of 
his resignation, with the esception of four years, from 1879 
to 1883. when he was in charge of Detroit,, DIicli. Mr. Wap- 
penhnns was a man of most kindly and genial dispositVion. and 
a faithful and eflicient oficid.--H. E. 11'. 

THE WEATHER OF TEE MONTH. ' 

Ry Prof. hr.~al;.i~ J. H a w x ,  in chnrg-- of Divisiou of Heewclx ;rut1 Mctriwhgicd Ilatn. 

CHARACTERISTICS OF THE WEATHER FOR FEBRUARY. 

The weather of February, 1902, was iiiuuli like that of Fell- 
ruary, 1901. I n  the interior low temperatiires and great ilry- 
ness 1wevniled while on both coasts the precipitation 'R-as above 
the seasonal average. A remarkable feature of the month was 
the persistence of a ridge-shaped area of high pressure that 
esteacled from Tennessee aortliwestmnrcl evidently beyond the 
field of observation. This ridge of high pressure seems. to 
have been formed and iiiaintaiiiecl by the movement southeast- 
ward along the eastern slope of the Rocky Mountains in Brit- 

ish Columbia of area8 of liigli pressure of &her siiiall extent, 
get sufficient to prevent areas of low pressure from crossing 
the Rocky Mountains in the neighborhood of the fortyeighth 
parallel of latitude. All of the storiiis of the iiioiitli therefore 
escept the last one inover1 southeasterly over the Plateau 
region to the Tesns coast, thence easterly along the C h i l f  coast, 
and northeastward along the A4tlnntic. coast to New England. 
As in 1901 a great depression persisted over the North At- 
lantic off the Chnadian Maritime Provinces. Pressure WRR also 
remarkably low off the north Pacific coast and the rainfall in 
that region was estraorclinarily heavy. The temperature m'as 


